The problems of urban water supply and water related disease in the P_�ericas are examined in the context of population growth and geographical features.
ABSTRACT
The problems of urban water supply and water related disease in the P_�ericas are examined in the context of population growth and geographical features. The debate concerning the transmission of potentially water-borne pathogens is discussed.
The factors affecting the quality of water supply services in a large metropolitan area (Lima) are described and the epidemiological characteristics of water-related disease sUI!1I!larised and compared with data from Africa (Lesotho). A water quality additive index is proposed in order to identify the level of risk for each metropolitan district.
This incorporates the presence of faecal coliforms and the absence of chlorine residual. A water-related disease product index (DPI) is also proposed which incorporates the incidence of typhoid,hepatitis and diarrhoea.
The indices were matched for all districts, where adequate data were available, and a strong correlation was noted.
The water quality index was divided into categories (A,B,C) and it was observed that these were generally dependent upon the water supply service levels.
It is concluded that disinfection control is grossly deficient in most developing countries but essential for the control of water-borne disease.
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THE PROBLEI1 OF 1'1ATER SUPPLY AND POPULATION GROl'lTH
The Decade Dossier for the International Drinking \'later Supply and Sanitation !)ecade suggested that L10% of t�-le population in developing countries had access to an adequate and safe Hater supply.
However the efforts to improve this level of covera,;e during the last t"l. -lO decades are being overwhelned in the urban sector by rapid population growth and poor maintenance a It has been estimated that about 100 Billion more Feople drink unsafe water now than in 1975 (\'lorld \,iater, 1981) .
In the low incooe developing countries populatj_on growth proceeded at an annual rate of 1. 2 per ce01tduring the 1970's while that for the middle income group was 2.4 per cent (Horld Development Report, 1982) .
The urban sector
Many of the problems of urbanisation are typified hy the South American region where overall population growth is proceeding at 2.4 per cent. However the growth rate in the urban popUlation is 3.8 per cent (Inter-American Development Bank Report, 1982) . Thus whilst the rural population of the region appears to be stabilising at around 116 million the urhan sector is under increasing pressure to absorb almost all of the demographic growth.
There are 286 cities in Central and South America which have more than 100, 000 inhabi tants each.
This accounts for 168 mill ion (45 percent) of the population of 376 million in the region.
Inevitably the rapid growth of the urban population has sggravated environmental and associated health problems. There is little control of discharge and convenience has been the primary consideration.
A quarter of the major cities are located in coastal and estuarine areas ( Figure 1 ) and coastal outfa11s have been an obvious means of wastewa.ter disposal (Bartone and Salas, 1983 To what eX . tent diarrhoeal disease and other enteric infections are directly attributable to water quality we shall attempt to assess with reference to available da ta.
However from the above it is c lear that the availability of reliable microbiological, and in particular faecal indicator data, assumes paramount importance in assessing the health risks attributed to water supplies.
Water supply and water related disease
The European and North American experience has demonstrated how a range of developments in social and allopathic medicine, public health engineering and a rise in general living standards have all but eliminated the major communicable disease problema of th� nineteenth century.
Today
we are striving to solve the S811lB basic problems in developing countries where the * Water-related disease and water quality population is orders of magnitude greater and financial resources increasingly scarce. The temptation is therefore to attempt to find low cost intervention strategies or single interventions which have maximum health impact. Urban water supply however cannot be low cost but is so vital to basic living requirements and hygiene that it is expected, on its own, to have a profound influence on the incidence of a range of infectious diseases. The importance of the enteric and diarrhoeal disease group has already been referred to and their association with water is sufficient for them to be classified as water-borne and water-washed (Feachem, 1977) .
However, some studies including that of Feachem et a1., (1978) have shown a poor or negative correlation between diarrhoea1 -disease incidence and water supply improvement.
In most cases other factors may have obviated the benefit of good water quality and in the case of some rural investigations the population under study may have been statistically insufficient.
Thus for example in Egypt, the ratio of hand pumps to population served was unfavourable (Weir et �., 1977) . Rahman (1979) however demonstrated the importance of adequacy of supply, by showing an inverse relationship between volume of supply and shigellosis attack rates. There is a consensus that cholera transmission, in riverine and deltaic regions, is primarily water borne (Spira et a1., 1980; Curlin et a1., 1977; Hughes et a1., 1977) , but an understanding of the principal transmiss ion routes --or some of the more recently identified aetiological agents of diarrhoeal disease such as enterotoxigenic E. coli, rotaviruses and Norwalk virus are at present lacking.
A fundamental difference exists between the viruses and bacteria capable of infecting the mammalian intestine in as much as the latter group are capable of multiplying in moist food stuffs. The bacteria can therefore increase their inoculum potential outside the human host and the food-borne transmission route therefore becomes a most effective mechanism for this group of organisms.
In contras t water and poor hygiene (hands) are relatively ineffective means of transmission of large inocula.
Thus water, whilst serving as a highly effective dispersant for the spread of an inoculum throughout the environment, paradoxically also acts as an excellent diluent '''hich reduces inoculum potential.
Similarly inocula on hands are rapidly reduced in a dry environment, but effectively dispersed and sometimes directly transmitted (parent to child) or indirectly via food. Thus the three vehicles are so intimately associated, as indicated in Figure 5 , that it is often impossible to extricate the impact of water quality alone. The major pitfalls in measuring the impact of water supply and sanitation investments by the use of epidemiological data on diarrhoeal disease have been summarised by Blum and Feachem (1983) .
Country
In spite of the methodological problems which they identify, the magnitude of the disease problem is such that we are bound to scrutinise the data for benefits wherever information becomes available. According to Walsh and Warren (1979) there are of the order of 5,000 million water borne infections resulting in at least 10 million deaths each year in Afric . a, Asia and Latin America.
We therefore propose to examine the relevant health data for a large South American metropolitan area in the context of its water supply and water quality problems.
Existing problems of water supply and water quality in Lima
It is estimated that 65% of the inhabitants of Lima are served by sewerage and piped water.
The water supply is derived from two principal sources.
The whole of central Lima and areas peripheral to the city centre are supplied by the River Rimac, a grossly polluted Andean source, which is contaminated by excreta from towns and villages upstream as well as by mining wastes and annual land slides in the mountains.
Its treatment plant has therefore to cope with both high microbial contamination and turbidity levels which exceed 10,000 JTU in the December to April rainy season in the Andes.
The other major source of supply is deep bore holes, of which there are in excess of 240 in the metropolitan area, although the highest proportion are located in the suburbs. The water supply system is complicated by the fact that major areas on the north and south sides of the city have a mixed supply from both deep wells and the treatment plant.
From the point of view of quality and quantity the city faces critical problems arising from the following causes:
a) The population of Lima is currently growing at an estimated 300 per day, largely by invasion of desertic areas on the fringe of the city.
b) There is negligible rainfall throughout the year and effective recharge of the groundwater other than adjacent to the river. therefore no in the zone c) The groundwater table is (as a consequence of b) falling at an alarming rate several meters per year. This is further aggravated by abstraction for agricultural purposes in the three river valleys of the Lima district.
In other parts of Peru irrigation water frequently takes precedence over domestic supplies and in periods of water shortage sharing practices are highly organised. In the metropolitan area however it is clear that where there is competitiion between agricultutal and domestic use, agriculture is fast disappearing.
d) The depleted groundwater table is therefore at greater risk of contamination as the process of draw down continues, particularly in the area of the wells. Chlorination is essential, but rarely practiced. e) An increasing demand is being imposed on the River Rimac and it has been predicted that its supply capacity will be exceeded before 1990. This may be partly offset by the Mantaro valley transfer scheme which proposed to extend the diversion of water from the Amazonian water shed to the Rimac. However it may already be too late to avoid a major crisis in supplying Lima with this water which is in any case of doubtful quality with respect to heavy metals. This results in some sectors of the metropolitan area being starved of water and a consequent high risk of contamination in an otherwise direct pressure system.
In many districts there are no roof storage cisterns and in a large area of the central city district pressure is inadequate to raise water to the level of the first floor.
In the period 1971 to 1982 the population of Lima nearly doubled, from 2.7 million to almost 5 million when the port of Callao is included. This growth was accompanied by urban sprawl as the area of the capital increased from 255 km 2 to 458 km 2 at the expense of 200 km 2 of agricultural land. All of the foregoing point to a crisis in water supply and it is therefore vital that the capacity of the Lima water authority (SEDAPAL) should be developing effectively at this time.
The master plan for water supply to Lima has proposed an emergency plan for groundwater exploitation which has recently been financed. This is intended to enable a postponement of the Mantaro Valley transfer scheme, but it will be demonstrated in the discussion that follows that the groundwater sources themselves are suspect.
The relationship between water quality and health data in Lima -a case study
Diarrhoeal disease incidence in Lima and contiguous Callao has an age distribution which is typical of that found in most developing countries. Figure 4 demonstrates the very high incidence of infection in the first year of life. In many of the urban slum districts it has been reported that six to eight episodes of diarrhoea are the norm in the first year of life. Figure 4 clearly emphasises the major risk of exposure during the first five years.
When we examine the seasonality of diarrhoeal disease and typhoid one is impressed by their peak coincidence with temperature in the first quarter of the year and their progressive reduction through the cooler months. This is only partially complemented by the data for hepatitis which nonetheless exhibit a similar trough in the coolest months ( Figure 2 It is of interest to compare this with diarrhoeal disease reportings at rural hospitals in Lesotho in southern Africa (Figure 3 ).
Although the temperature range is somewhat wider the coincidence of peaks and troughs is similar through the year. However in Lesotho the peaks also correspond to the wet season whereas Lima experiences almost no rainfall throughout the year.
We will examine the Lesotho case study more closely under the Jtinal section since some water quality data are available for assessing the influence of water supplies in that location.
However systematic water quality data have become available since 1981 for almost all of the metropolitan districts of Lima which may therefore be compared with the incidence and distribution of diarrhoeal disease, typhoid and hepatitis in the districts in the same year. Although it must be accepted that disease diagnosis and reporting in some districts is poorly developed nonetheless a population of five million is statistically more than adequate to attempt correlations with water quality data.
On the water quality side we consider that two critical parameters are essential to judge the hygienic quality of water.
These are faecal coliform count (F.C./lOO ml) and presence or absence of chlorine residual throughout a particular supply zone.
We therefore propose a water quality additive index which is a composite of both parameters.
We define this WATER QUALITY ADDITIVE INDEX as:
"Percentage of F.C./lOO ml positive results + percentage of chlorine residual negative results". This produces an index range of zero to 200; zero thus representing highest quality water and 200 highest risk supply districts.
Thus a district with greater than 95% of all samples throughout the year having no faecal coliforms and 100% chlorinated will have a water quality index of less than five and we will call this category A water.
However we will only permit indices to be calculated and included in the general analysis if there are 10 or more sampling occasions throughout the year.
We have resisted the temptation to further complicate the water quality index at this stage e.g. by weighting the level of faecal contamination in the calculation, since broad categories are already clear.
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Since diarrhoeal disease, typhoid and hepa ti tis may all be transmit ted via the water route we have elected to combine all three into an index which we shall call the DISEASE PRODUCT INDEX (DPI). This is calculated from the incidence per 1,000 of each disease thus: Diarrhoea x Typhoid x Hepatitis = D. P. 1.
We have chosen to use a product rather than an additive index to avoid a single disease incident being unfairly weighted whilst increasing the range and hence the sensitivity of the DPI scale.
The 1981 disease incidence data for Lima are presented alongside the corresponding water quality data for each district in Table 3 .
The water quality additive index is plotted against the DPI in Figure 6 .
The correlation coefficient is impressive, at 0. 779, but more importantly three categories of water supply quality and service level can be readily distinguished which correlate well with the various levels of disease product index.
Category A
In spite of grossly contaminated raw water the Atarjea treatment plant supplies water of a consistently high quality to six central metropolitan districts of Lima throughout most of the year.
The supply is properly chlorinated and these districts fulfil the WHO guideline for 95% of samples throughout the year being negative with respect to coliform contamination. Significantly none of the six districts have been found to be deficient in chlorine, and five of them are in the low water-borne (low disease product index) category.
Equally significantly the top three represent the top residential areas of the city and the lowest DPI.
This points up the additional significance of the socioeconomic variables including wealth, hygiene and nutrition although a separate analysis of these has been excluded.
Category B
Also within the central metropolitan area there are districts served by both treatment plant and supplemented by well supplies.
It is important to note that those areas are all at times deficient in either bacteriological quality or chlorination or both.
There are undoubtedly subdistricts in which the distribution system is spasmodically subject to gross contamination and without the safeguard of residual chlorine an ever present risk of water borne infection. This is indicated by the elevated DPI in the range 5-25 and correlates well with a water quality index in the range 5-50.
Nine districts fall into this category, although two are suburban rather than central and include low pressure areas to which water has to be tankered.
Category C
The worst category is exclusively suburban and supplied either by wells or by tankering.
The risks of tankering to unprotected storage cylinders are obvious, but it is noteworthy that five of eight districts in this group are continuously supplied by piped well supplies. TI,ese are uniformly unchlorinated and subject to an ever present risk of pollution particularly under the drought conditions of Lima.
It is also important to note in this category that the district of La Molina is predominantly populated by the upper socioeconomic groups in which hygiene and nutritional factors should therefore play a lesser role.
Only three districts have DPI values which fall below the category predicted by the water quality index.
Two of these are believed to be deficient in disease reporting procedures, the third requires more advanced socioeconomic analysis. .!"or districts of Lima -Prru (1981-82) .
WATER QUALITY TNDEX
3.
DISCUSSION

Water-related disease and water quality
Water quality and water-related disease Feachem et al (1978) have examined diarrhoeal and typhoid reporting to hospitals in Le;;tho in areas where water supply has been improved and others which have not.
They concluded that where water quality was the only parameter improved and where there was neither any increase in the volume of water used nor any change in domestic and personal hygiene, then there was no detectable change in the incidence of water-related diseases in study villages.
Furthermore they concluded that the spatial and temporal distribution of typhoid reportings did not support a water-borne transmission hypothesis. They also believed that the wet season peaks of diarrhoeal disease were not associated with poor water quality.
They suggested that the survival of pathogens in the moist, warm conditions of the wet season in Lesotho may be significantly better than in the dry, cold conditions of the winter, and that this might be an important factor in food contamination and hence food-borne transmission.
However, they also reported that 69 percent of water sources tested showed bacterial contamination to have overall mean concentrations 5. 4 times higher in the wet than in the dry season.
Although they re j ected a water-borne explariation of both typhoid and diarrhoea they were careful to point out that the data at their disposal were insufficient to make other than informed guesses.
The Lesotho study raises important questions about the level of improvement of water quantity and quality "'hich is necessary to eliminate water-borne infections arising from rural supply systems.
Whilst the argument that quality is less important than quantity is valid when there is not enough water available in the home for basic hygiene purposes, the question which is still begging is as follows.
Given sufficient water for domestic purposes (say 50 litres per capita per day) what level of faecal contamination does not pose a risk of water-borne infection to the community?
The I<HO Guidelines (1984) recommendation for large supplies is unequivocal, zero coliforms and E. coli, and not less than 95% of samples should be negative throughout the year.
In practice however, this level of control is rarely achieved, even in some of the advanced countries' urban water supply systems.
The debate then commences as to whether what were previously described as standards should be relaxed, at least for rural supplies.
The Lesotho data demonstrate that in the rural environment simple improvement projects such as the protection of spring water caR readily reduce the level of faecal coliform contamination by almost two orders of magnitude, from say 1000 down to 20 faecal co1iforms/lOO mI.
But these values represent average reductions and there is no guarantee that any source will remain with low levels of contamination throughout the year, and since there is no barrier against contamination other than source protection their safety is highly suspect. Feachem, et al (1978) argue that the improved supplies are much better than unimproVedsupplies and that since the diarrhoeal disease and typhoid do not appear to be primarily water-borne, the costs and maintenance problems of treatment under Lesotho village conditions are unjustified. The implication seems to be that the regular occurrence of low levels of faecal coliforms is acceptable. It is certainly inevitable unless there is an additional measure of protection such as routine chlorination to provide A. free residual of hypochlorous acid in the distribution system.
Feachem et Hl condone the Lesotho village "ater supply policy which is not to undertake disinfection, because of the problems of operation and maintenance. This is not an argument with which we Concur.
Whilst it must be admitted that the training needs for operating and maintaining water supplies and sanitation facilities in the developing countries present the greatest difficulty it is generally agreed that this sector should have a high priority.
In the case of disinfection there is a strong case for introducing this into rural water supply practice.
Not only does a free residual of chlorine provide protection against the introduction of many pathogens in a distribution system; it may also persist long enough in a bucket of water drawn from a standpipe system to control post collection contamination.
For example, an initial free residual of 0. 6 mg per litre was reduced by 66 per cent to a still useful 0. 2 mg per litre after twelve hours at 21 'c. This is particularly important in view of the commonly reported observation that an initial level of 0-10 faecal coliforms (F.C.) per 100 ml standpipe sample is converted to 100-500 F.C. per 100 ml in unchlorinated water, through careless transport, storage and use.
There have been very few controlled experiments on the reduction of the incidence of infant and early childhood diarrhoea resulting from chlorinated versus non chlorinated water.
However, a recent unpublished report from West Bengal (Institute of Child Health, 1982) examined the influence of regular cleaning and refilling of household water pots with chlorinated water.
A control group received a placebo of distilled water which was unchlorinated. The reduction of childhood diarrhoea in the group receiving chlorine was 75 per cent greater than in the placebo group.
If true, this provides as strong a case for promoting chlorination as for the global oral rehydration programme.
In the meantime less stringent guidelines for rural water supply quality have been proposed.
Volume 1 of the 1984 WHO Guidelines states that for unpiped supplies:
"the objective should be to reduce the coliform count to less than 10/100 ml, but more importantly to ensure the absence of faecal coliform organisms Greater use should be made of protected groundwater sources and rainwater catchment, as these are more likely to meet the guidelines for potable water quality."
